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(54) Stepper motor 

(57) [Object]: 

It is intended to provide a stepper motor having 
windings which are easy to wind. Increase in size oi the 
motor itself can be circumvented. 

[Solving Means]: 

First and second coil blocks 20 and 21 , respectively, 
are formed by first and second annular bobbins 27 and 
34, respectively, and by first and second annular yokes 
28, 29, 35, 36. The bobbins have winding portions 25, 
32 on which first and second exciting coils 26, 33, 
respectively, are wound. A magnet rotor 22 having a 
rotating shaft 44 mounted thereto is rotatably held in a 
gap 43 between the coaxial laminations of the coil 



blocks 20, 21 . Connector terminals 37 and 38 consisting 
of first connection portions 37a, 38a and second con- 
nection portions 37b, 38b are buried in the annular bob- 
bins 34 of the second coil block 21 . The first connection 
portions 37a, 38a protrude from a flange 30 in a direc- 
tion substantially perpendicular to the axis of the rotat- 
ing shaft 44. The second connection portions 37b, 38b 
extend from the winding portion 32 in a direction sub- 
stantially parallel to the axis of the rotating shaft 44. Ter- 
minal ends 26a, 33a of the first and second exdting 
coils 26, 33 are electrically connected with the protrud- 
ing ends of the first connection portions 37a, 38a. The 
protruding ends of the second connection portions 37b, 
38b are electrically connected with a printed-wiring 
board (external electric apparatus) 45. 
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Description 

[Detailed Description of the Invention] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a permanent-mag- 
net stepper motor and, more particularly, to a structure 
for electrically connecting exciting coils with an external 
electric apparatus. 

[0002] 

[Prior Art Techniques] 

Permanent-magnet stepper motors have been 
widely accepted as actuator components in office auto- 
mation appliances, home electrical appliances, automo- 
biles, and other applications. Many of these motors 
have *#o annular bobbins on which exciting coils are 
respectively wound. Each bobbin is held between two 
parts of an annular yoke, thus forming two coil block 
laminations. A magnet rotor is rotatably mounted in 
these laminations. 

Exciting signals with shifted phases are applied to 
the exciting coils. Thus, magnetic attracting or repelling 
force is produced between the excitation pole guided to 
the annular yokes and the magnetic pole of the magnet 
rotor. In this way, the magnet rotor is rotated in given 
angular steps. For example, this technique is described 
in Patent Laid-Open Nos. 161333/1993, 145960/1991, 
190249/1989, and 190248/1989. 

[0003] 

In this type of permanent-magnet stepper motor, 
signals are applied to the exciting coils via connector 
terminals. More specifically, as disclosed in Utility Model 
Laid-Open Nos. 50987/1993 and 156567/1988, it is 
common practice to firmly mount the connector termi- 
nals to terminal mounting portions protruding from the 
outer peripheries of the annular bobbins. The terminal 
ends of the exciting coils are electrically connected with 
these connector terminals. Leads brought out from a 
control-and-drive circuit or connectors (external electric 
apparatus) are electrically connected with the front ends 
of the connector terminals. 

[0004] 

This structure for connection of the exciting coils, 
using these connector terminals, needs leads or con- 
nectors. Therefore, this structure is complex and made 
up of a large number of components. Accordingly, as 
disclosed, for example, in Patent Laid-Open No. 
64411/1993 and shown in Fig. 5, a stepper motor in 
which the connector terminals are connected directly 
with an external electric apparatus such as a printed- 
wiring board has been proposed. This stepper motor 



has two annular bobbins 3 and 4 on which exciting coils 
1 and 2 are respectively wound. The bobbins are held 
between opposite portions of annular yokes 5 and 6, 
respectively, thus forming two coil blocks 7 and 8. The 

s laminations of these coil blocks 7 and 8 form a gap 9 in 
which a magnet rotor 1 1 is rotatably mounted. A rotating 
shaft 1 0 is mounted to the rotor. A plurality of pole teeth 
12 are formed on the annular yokes 5 and 6 of the coil 
blocks 7 and 8, respectively, to guide the excitation 

w poles of the exciting coils 1 and 2 to the gap 9. The teeth 
are arranged circumferentially of the magnet rotor 1 1 
and disposed opposite to each other. Terminal-mount- 
ing portions 13 protrude from the outer surfaces of the 
annular bobbins 3 and 4. Connector terminals 14 

15 extending in the direction of the axis of the rotating shaft 
10 are insert-molded in the terminal-mounting portions 
1 3. The front end of this connector terminal 14 is directly 
soldered to the printed-wiring board (external electric 
apparatus) 15 on which a control circuit (not shown) and 

20 so on are formed. 

The printed-wiring board is mounted in the rear of 
the body. Because of this structure, a simple connection 
structure made up of a few number of components can 
be realized. 

25 

[0005] 

[Problems to be Solved by the Invention] 

30 However, in the above-described structure where 
the connector terminals 14 are directly soldered to the 
printed-wiring board 15, it is difficult to wind the exciting 
coil 2 around the annular bobbin 4 of the coil block 8, 
because the connector terminals 14 are located on the 

35 outer surface of the winding portion 16 of the annular 
bobbin 4 of the coil block 8 insomuch as the connector 
terminals 14 must lead to the printed-wiring board 15. 
Furthermore, the connector terminals 14 extending to 
the printed-wiring board 15 must be prevented from 

■to touching the annular yoke 6 of the coil block 8. For this 
reason, it is necessary that the connector terminals 14 
be spaced from the annular yoke 6. This increases the 
size of the motor itself accordingly. 

45 [0006] 

In view of these points, the present invention has 
been made. It is a main object of the invention to provide 
a stepper motor having windings capable of being easily 
so wound, the motor being further characterized in that 
increase in size of the motor itself can be circumvented. 

[0007] 



In order to achieve the foregoing problem, the 
present invention provides a stepper motor comprising: 
a first coil block composed of a first annular bobbin and 



55 [Means for Solving the Problems] 
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first annular yokes, said first annular bobbin comprising 
a first exciting coil wound around a cylindrical winding 
portion, said first annular yokes being laminated on 
opposite sides of said first annular bobbin, said first 
annular yokes acting to guide excitation poles of said 
first exciting coil toward inner surface of said winding 
portion; a second coil block composed of a second 
annular bobbin and second annular yokes, said second 
annular bobbin comprising a second exciting coil wound 
around a cylindrical winding portion, said second annu- 
lar yokes being laminated on opposite sides of said sec- 
ond annular bobbin, said second annular yokes acting 
to guide excitation poles of said second exciting coil 
toward inner surface of said winding portion, said sec- 
ond coil block being laminated over said first coil bobbin 
coaxially; a magnet rotor having a rotating shaft rotata- 
bly held in a space formed inside said winding portions 
by laminating said first and second coil blocks, said 
magnet rotor being rotated by the excitation poles of 
said first and second annular yokes; and connector ter- 
minals buried in said annular bobbin of one of said coil 
blocks and having a first connection portion and a sec- 
ond connection portion, said first connection portion 
protruding in a direction substantially perpendicular to 
axis of said rotating shaft, said first connection portion 
being electrically connected with terminal ends of said 
first and second exciting coils, said second connection 
portion protruding from said winding portions in a direc- 
tion substantially parallel to the axis of said rotating 
shaft, said second connection portion being electrically 
connected with an external electric apparatus. 

[0008] 

In one feature of the invention, said second connec- 
tion portion extends toward said external electric appa- 
ratus via a piercing portion formed in said annular yoke 
and said annular bobbin has an extension extending 
along said second connecting portion toward said exter- 
nal electric apparatus. 

[0009] 

The present invention also provides a stepper 
motor comprising: a first coil block composed of a first 
annular bobbin and first annular yokes, said first annular 
bobbin comprising a f irst exciting coil wound around a 
cylindrical winding portion, said first annular yokes 
being laminated on opposite sides of said first annular 
bobbin, said first annular yokes acting to guide excita- 
tion poles of said first exciting coil into said winding por- 
tion; a second coil block composed of a second annular 
bobbin and second annular yokes, said second annular 
bobbin comprising a second exciting coil wound around 
a cylindrical winding portion, said second annular yokes 
being laminated on opposite sides of said second annu- 
lar bobbin, said second annular yokes acting to guide 
excitation poles of said second exciting coil toward inner 
surface of said winding portion, said second coil block 



being laminated over said first coil bobbin coaxially; a 
magnet rotor having a rotating shaft rotatably held in a 
space formed inside said winding portions by laminating 
said first and second coil blocks, said magnet rotor 
5 being rotated by the excitation poles of said first and 
second annular yokes which are guided to pole teeth of 
said first and second annular yokes, respectively; first 
connector terminals, buried in said annular bobbin of 
one of said coil blocks and having a first connection por- 
10 tion and a second connection portion, said first connec- 
tion portion protruding in a direction substantially 
perpendicular to axis of said rotating shaft, said first 
connection portion being electrically connected with ter- 
minal ends of said first and second exciting coils, said 
75 second connection portion protruding from said winding 
portions in a direction substantially parallel to the axis of 
said rotating shaft, said second connection portion 
being electrically connected with an external electric 
apparatus; and second connector terminals buried in 
20 said annular bobbin of the other coil block and having a 
third connection portion and a fourth connection por- 
tion, said third connection portion protruding in a direc- 
tion substantially perpendicular to the axis of said 
rotating shaft, said third connection portion being elec- 
ts trically connected with terminal ends of said exciting 
coils of the other coil block, said fourth connection por- 
tion protruding from said winding portions in a direction 
substantially parallel to the axis of said rotating shaft, 
said fourth connection portion extending through said 
30 one coil block, said fourth connection portion being 
electrically connected with the external electric appara- 
tus. 

[0010] 

35 

In another feature of the invention, said second or 
fourth connection portion projects toward, or passes 
through, said external electric apparatus via a piercing 
portion formed in said annular yoke, and said annular 
40 bobbin has an extension extending along said second 
or fourth connection portion toward said external electri- 
cal apparatus. 

[0011] 

45 

In a further feature of the invention, said annular 
yokes have a plurality of pole teeth extending into said 
winding portions, and said second or fourth connection 
portion extends through said annular yokes without 
so touching said pole teeth via a cutout that is formed 
between bases of said pole teeth and opens into said 
space. 

[0012] 

55 

[Forms of Practice of the Invention] 

In one embodiment of the invention, the first and 
second exciting coils are wound on the winding portions 
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of the first and second annular bobbins, respectively. 
These bobbins and the first and second annular yokes 
constitute coaxial laminations of the coif blocks. The 
magnet rotor having the rotating shaft mounted thereto 
is rotatably mounted in the space between the coaxial 5 
laminations. The connector terminals are composed of 
the first and third connection portions protruding in a 
direction substantially perpendicular to the axis of the 
rotating shaft, together with the second and fourth con- 
nection portions extending from the winding portions in 10 
a direction substantially parallel to the axis of the rotat- 
ing shaft. These connector terminals are buried in the 
annular bobbin or bobbins of one or both of the coil 
blocks. The first and third connection portions are elec- 
trically connected with the terminal ends of the first and 15 
second exciting coils. The second and fourth connec- 
tion portions are electrically connected with an external 
electric apparatus. Since the connector terminals are 
not positioned on the outer surfaces of the winding por- 
tions pf lhe annular bobbins, it is easy to wind the wind- 20 
ings. Furthermore, increase in size of the motor itself is 
suppressed. 

[0013] 

25 

In another embodiment of the invention, the second 
or fourth connection portion protrudes to vicinities of the 
external electric apparatus through the piercing portion 
formed in the annular yoke. The extension extending 
toward the external electric apparatus along the second 30 
and fourth connection portions is formed and located in 
a position taken up by the annular bobbins, the position 
corresponding to the piercing portion. This prevents the 
second or fourth connection portion from coming into 
contact with the annular yokes. 35 

[0014] 

In a further embodiment of the invention, the annu- 
lar yokes have pole teeth extending into the winding por- 40 
tions. The second and fourth connection portions 
extend through the annular yokes without touching the 
pole teeth via the cutout which is formed between the 
bases of the teeth and open into the space. It is easy to 
machine the annular yokes through which the second or 45 
fourth connection portion extends. In addition, adverse 
influence on the magnetic circuit formed in the annular 
yokes including the pole teeth is alleviated. 

[0015] so 

[Embodiments] 

Embodiments of the present invention are hereinaf- 
ter described with reference to the accompanying draw- 55 
ings. 



[0016] 

Fig. 1 is an exploded perspective view showing a 
first example of a stepper motor according to the 
present invention. This example of stepper motor com- 
prises first and second coil blocks 20 and 21 , respec- 
tively, of similar construction, together with a magnet 
rotor 22 located inside the coil blocks 20 and 21 . 

[0017] 

The first coil block 20 comprises a first annular bob- 
bin 27 made of synthetic resin and a pair of first annular 
yokes 28 and 29 made of magnetic metal material. The 
first annular bobbin has a cylindrical winding portion 25 
sandwiched between flanges 23 and 24 which are a pair 
of winding guides. A first exciting ^oil 26 is wound 
around the winding portion 25. The yokes 28 and 29 are 
located on opposite sides of the first annular bobbin 27 
and laminated above and below (as viewed in the fig- 
ure), respectively, the bobbin 27. 

[0018] 

The annular yokes 28 and 29 have plural pole teeth 
28a and 29a, respectively, extending to the inner sur- 
faces of the winding portion 25 of the first annular bob- 
bin 27. These pole teeth 28a and 29a are arranged in a 
saw-toothed manner and surround the inner surface of 
the winding portion 25. One annular yoke 28 is shaped 
like a cup so as to be capable of receiving the first annu- 
lar bobbin 27. The yoke 28 is provided with a cutout 28b. 
The other annular yoke 29 is shaped like aflat plate and 
provided with a cutout 29b into which a coil guide por- 
tion 27a is fitted, the coil guide portion 27a protruding 
below the first annular bobbin 27. 

[0019] 

The second coil block 21 comprises a second 
annular bobbin 34 made of synthetic resin and a pair of 
second annular yokes 35 and 36 made of magnetic 
metal material. The second annular bobbin has a cylin- 
drical winding portion 32 sandwiched between flanges 
30 and 31 which are a pair of winding guides. A second 
exciting coil 33 is wound around the winding portion 32. 
The yokes 35 and 36 are located on opposite sides of 
the second annular bobbin 34 and laminated above and 
below (as viewed in the figure), respectively, the bobbin 
34. 

[0020] 

The second annular bobbin 34 has a pair of pro- 
truding portions 34a on the outer surface of the flange 
30 and a pair of extensions 34b on the bottom surface of 
the flange 31. A pair of connector terminals 37 and 38 
protrude from the extensions 34a. respectively, as 
described in detail later. 
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[0021] 

The second annular yokes 35 and 36 have a plural- 
ity of pole teeth 35a and 36a extending to the inner sur- 
face of the winding portion 32 of the second annular s 
bobbin 34. These pole teeth 35a and 36a are arranged 
in a saw-toothed manner and encircle the inner surface 
of the winding portion 32. One annular yoke 35 is 
shaped like a flat plate and formed with a cutout 35b at 
a position corresponding to the cutout 29b in the first 10 
annular yoke 29. The coil guide portion 27a of the first 
annular bobbin 27 is fitted in the cutout 35b. The other 
annular yoke 36 is shaped like a cup so as to be capable 
of receiving the second annular bobbin 34. The yoke 36 
has a pair of cutouts 36b corresponding to the protrud- rs 
ing portions 34a formed on the second annular bobbin 
34. The protruding portions 34a can be fitted in the cut- 
outs 36b. The yoke 36 is provided with a pair of piercing 
portions 36c. The protruding portions 34b are fitted in 
the.piercing portions 36c and permit the connector ter- 20 
minals 37 and 38 to extend outwardly of the second coil 
block 21. 

[0022] 

25 

The laminations of these coil blocks 20 and 21 are 
coaxially laminated. Metallic top and bottom plates 41 
and 42, respectively, have bearing portions 39 and 40, 
respectively, at their centers. The laminations are 
mounted between these plates 41 and 42, thus forming 30 
a stator. In this case, a pair of holes 42a extend through 
the bottom plate 42 at a position corresponding to the 
piercing portion 36c in the annular yoke 36. The exten- 
sions 34b of the second annular bobbin 34 are fitted in 
the piercing portions 36c and allow the connector termi- 35 
nals 37 and 38 to extend outwardly. 

[0023] 

The magnet rotor 22 is rotatably mounted in a 40 
space 43 (see Fig. 2) between the laminations of the 
coil blocks 20 and 21 formed inside the winding portions 
25 and 32 of the annular bobbins 27 and 34, respec- 
tively. The rotating shaft 44 pivoted to the bearing por- 
tions 39 and 40 of the top plate 41 and the bottom plate 4S 
42, respectively, are fixed at the center of the rotor 22. 
The plural magnetic poles located opposite to the pole 
teeth 28a, 29a, 35a, and 36a of the annular yokes 28, 
29, 35, 36 with a given space therebetween are mag- 
netized on the outer surface of the magnet rotor 22. so 
Exciting signals are supplied to the magnetic poles and 
to the exciting coils 26, 33, thus producing magnetic 
interaction with the excitation poles guided to the teeth 
28a, 29a, 35a, and 36a. Consequently, the magnet rotor 
22 is rotated in given angular steps. 55 

[0024] 

Fig. 2 is a cross-sectional view showing a printed- 



wiring board acting as an external electric apparatus, as 
well as the state of assembly of Fig. 1. The connector 
terminals 37 and 38 are buried in the second annular 
bobbin 34 of the second coil block 21 by insert molding 
or other method, the bobbin 34 being located on the 
side of the printed-wiring board 45. The connector ter- 
minals 37 and 38 have the first connection portions 37a, 
38a and the second connection portions 37b, 38b con- 
tinuous with the first connection portions. The first con- 
nection portions extend in a direction substantially 
perpendicular to the axis of the rotating shaft 44 inside 
the flange 30, and protrude in the same direction from 
the flange 30. The terminal ends 26a and 33a of the 
exciting coils 26 and 33 of the coil blocks 20 and 21, 
respectively, are electrically connected with the protrud- 
ing ends of the connector terminals 37 and 38. The sec- 
ond connection portions 37b and 38b extend in a 
direction substantially parallel to the axis of the rotating 
shaft 44 inside the winding portion 32 and protrude in 
the same direction from the winding portion 32. These 
protruding ends are electrically connected with the 
printed-wiring board 45 by soldering or other means. 

[0025] 

The second connection portions 37b and 38b elec- 
trically connected with the printed-wiring board 45 pro- 
trude toward the printed-wiring board 45 via the piercing 
portion 36c in the second annular yoke 36 and via the 
piercing portion 42a in the bottom plate 42. In this case, 
the extensions 34b extend along the second connection 
portions 37b and 38b up to the locations of the bottom 
surface of the winding portion 32 of the second annular 
bobbin 34 which correspond to the piercing portions 36c 
and 42a. The extensions 34b cover the surroundings of 
these piercing portions 36c and 42a. The extensions 
34b prevent the second connection portions 37b and 
38b from touching the second annular yoke 36 and the 
bottom plate 42. In this case, the extensions 34b act 
also to place the second annular bobbin 34, the second 
annular yoke 36, and the bottom plate 42 in position. 

[0026] 

In the present example, the exciting coils 26 and 33 
are coiled around the annular bobbins 27 and 34, 
respectively, in the manner described now. The annular 
yokes 29 and 35 are laminated on top of each other in 
such a way that the annular bobbins 27 and 34 located 
inside the yokes are held in the yokes. The connector 
terminals 37 and 38 have been previously buried in the 
bobbins, respectively. In this state, the annular yokes 28 
and 36 shaped like a cup and located outside are not 
yet mounted. At this time, the terminal end 26a of the 
exciting coil 26 connected with the connector terminal 
37 is laid out and guided through a guide groove 27c 
(see Fig. 1) formed in the outer surface of the coil guide 
portion 27a. After the winding operation, the annular 
yokes 28 and 36 have been mounted. Under this condi- 
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tion, the coil guide portion 27a prevents the terminal 
end 26a from coming into contact with the annular 
yokes 29 and 35 which are located in the wiring path 
going to the connector terminal 37. Furthermore, the 
cutout 28b formed in the annular yoke 28 keeps the ter- 
minal end 26a from touching the annular yoke 28. 

[0027] 

In the above description of the present example, the 
printed-wiring board 45 is used as the external electric 
apparatus. The external electric apparatus electrically 
connected with the second connection portions 37b and 
38b of the connector terminals 37 and 38 are not limited 
to the printed-wiring board 45. For instance, it may also 
be a relay terminal or connector which is placed on the 
printed-wiring board 45 or other electric apparatus and 
electrically connected with it. 

[0028K 

As described thus far, in the present example, the 
first annular bobbins 27 and 34 coiled around the wind- 
ing portions 25 and 32, respectively, are held between 
the opposite portions of the first and second annular 
yokes 28, 29, 35, and 36. The first and second exciting 
coils 26 and 33, respectively, are located between pairs 
of flanges 23. 24, 30. 31 . Thus, the first and second coil 
blocks 20 and 21 , respectively, are formed. These coil 
blocks 20 and 21 are laminated on top of each other, 
whereby the magnet rotor 22 is rotatabiy mounted in the 
gap 43 formed inside the winding portions 25 and 32, 
the rotor 22 having the rotating shaft 44 mounted 
thereto. The plural pole teeth 28a, 29a, 35a, and 36a for 
guiding the excitation poles of the exciting coils 26, 33 to 
the space 43 extend from the annular yokes 28, 29, 35, 
and 36 corresponding to the coil blocks 20, 2 1 . The con- 
nector terminals 37 and 38 consisting of the f irst con- 
nection portions 37a, 38a and the second connection 
portions 37b, 38b are buried in the annular bobbin 34 of 
the second coil block 21 . The first connection portions 
37a and 38a extend from the flange 30 in a direction 
substantially perpendicular to the axis of the rotating 
shaft 44. The second connection portions 37b and 38b 
extend from the winding portion 32 in a direction sub- 
stantially parallel to the axis of the rotating shaft 44. The 
terminal ends 26a. 33a of the first and second exciting 
coils 26, 33, respectively, are electrically connected with 
the protruding ends of the first connection portions 37a, 
38a. The protruding ends of the second connection por- 
tions 37b, 38b are electrically connected with the 
printed-wiring board (external electric apparatus) 45. 
Since the connector terminals 37 and 38 are not posi- 
tioned on the outer periphery of the winding portion 32 
of the annular bobbin 34, it is easy to perform the wind- 
ing operation. Furthermore, increase in size of the 
motor itself is suppressed. Hence, the motor can be 
miniaturized. 



[0029] 

Also in the present example, the second connection 
portions 37b and 38b protrude to the printed-wiring 

5 board 45 via the piercing portion 36c formed in the 
annular yoke 36. The extensions 34b are formed in the 
positions of the annular bobbin 34 and of the bottom 
plate 42 corresponding to the piercing portion 36c. The 
extensions 34b extend along the second connection 

w portions 37b and 38b toward the printed-wiring board 
45. It is unlikely that the second connection portions 
37b, 38b touch the annular yoke 26 and the bottom 
plate 42 due to bending of the second connection por- 
tions 37b and 38b. As a result, good insulation can be 

is maintained. 

[0O30] 

Fig. 3 is a cross-sectional view illustrating a second 
20 embodiment of the present invention. It is to be noted 
that like components are indicated by like reference 
numerals and that those components which have been 
already described in relation to the first embodiment will 
not be described in detail below. 

25 

[0031] 

In the present example, of the first and second coil 
blocks 20 and 21 , respectively, the annular bobbin 34 of 

30 the second coil block 21 is located on the side of the 
printed-wiring board 45. A first connector terminal 46 
consisting of a first connection portion 46a and a sec- 
ond connection portion 46b is buried in the annular bob- 
bin 34. The first connection portion 46a extends through 

35 the flange 30 in a direction substantially perpendicular 
to the axis of the rotating shaft 44. This extending ends 
protrude from the flange 30 in the same direction. The 
second connection portion 46b extends through the 
winding portion 32 in a direction substantially parallel to 

40 the axis of the rotating shaft 44. The extending ends 
from the winding portion 32 protrude in the same direc- 
tion. The terminal end 33a of the exciting coil 33 of the 
second coil block 21 is electrically connected with the 
protruding end of the first connection portion 46a. The 

45 extending end of the second connection portion 46b 
extends through the piercing portion 36c in the annular 
yoke 36 and through the hole 42a in the bottom plate 
42, and is electrically connected with the printed-wiring 
board 45. 

50 

[0032] 

On the other hand, the first coil block 20 is located 
on the opposite side of the second coil block 21 from the 
55 printed-wiring board 45. A second connector terminal 
47 consisting of a third connection portion 47a and a 
fourth connection portion 47b is buried in the annular 
bobbin 27 of the first coil block 20. The third connection 
portion 47a extends through the flange 23 in a direction 
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substantially perpendicular to trie axis of the rotating 
shaft 44. The extending ends of the third connection 
portion 47a protrude from the flange 23 in the same 
direction. The fourth connection portion 47b protrudes 
from the winding portion 25 in a direction substantially 
parallel to the axis of the rotating shaft 44. The terminal 
end 26a of the exciting coil 26 of the first coil block is 
electrically connected with the protruding end of the 
third connection portion 47a. The protruding end of the 
fourth connection portion 47b extends through a pierc- 
ing portion 48 and through the hole 42a formed in the 
bottom plate 42. The piercing portion 48 is formed in the 
annular yoke 29, annular yokes 35. 36 of the second coil 
block 21, and winding portion 32 of the annular bobbin 
34. The protruding end of the third connection portion is 
electrically connected with the printed-wiring board 45. 

[0033] 

^-Also in this structure, the connector terminals 46 
and 37 are not located on the outer surfaces of the 
winding portions 25, 32 of the annular bobbins 27, 34 
and so it is easy to perform winding operation. Further- 
more, increase in size of the motor itself is restricted. 
Hence, miniaturization can be accomplished. Also in the 
present example, the annular bobbins 27 and 34 have 
the connector terminals 46 and 47, respectively, capa- 
ble of holding the terminal ends 26a and 33a, respec- 
tively, of the exciting coils 26 and 33. This makes it 
possible to wind the coils 26 and 33 on the annular bob- 
bins 27 and 34 separately. As a consequence, the 
assembly operation and the winding operation can be 
carried out with higher efficiency than the first embodi- 
ment described above. 

[0034] 

Also in the present example, the second and fourth 
connection portions 46b and 47b, respectively, extend 
to the printed-wiring board 45 through the piercing por- 
tions 36c, 48 and through the hole 42a. The piercing 
portions 36c and 48 extend through the annular yokes 
29, 35, and 36. The hole 42a extends through the bot- 
tom plate 42. Extensions 49 are located at the positions 
of the bottom surfaces of the annular bobbins 27 and 34 
which correspond to these piercing portions 36c, 48, 
and 42a. The extensions 49 extend along the second 
and fourth connection portions 46b and 47b, respec- 
tively, encircle them, and go to the printed-wiring board 
45. The extensions 49 prevent the second and fourth 
connection portions 46b and 47b, respectively, from 
touching the annular yokes 29, 35, 36 and the bottom 
plate 42. In this case, the extensions 49 serve also to 
place the coil blocks 20 and 21 in position relative to 
each other. The extensions 49 also place the coil blocks 
20 and 21 in position relative to the bottom plate 42. 



[0035] 

Also in this structure, it is unlikely that the second 
connection portions 46b. 47b touch the annular yokes 
5 29, 35, 36 and the bottom plate 42 due to bending of the 
second and fourth connection portions 46b and 47b, 
respectively. As a result, good insulation can be main- 
tained. 

10 [0036] 

In the present example, the extensions 49 extend- 
ing along the second and fourth connection portions 
46b and 47b, respectively, are formed in their corre- 
15 sponding portions. It is also possible to form the exten- 
sions 49 only in locations where short circuit is a subject 
of concern. 

[0037] 

20 

In the above embodiments, the piercing portions 
36c and 48 in the annular yokes 29, 35, 36 permit the 
second and fourth connection portions 37b, 38b, 46b, 
and 47b (extensions 31a and 49) to extend through the 

25 yokes and take the form of holes extending through the 
annular yokes. Since the second and fourth connection 
portions 37b, 38b, 46b, 47b must extend along the axis 
of the rotating shaft 44, the piercing portions 36c and 48 
are located close to the pole teeth 29a, 35a, and 36a. 

30 However, if these piercing portions 36c and 48 were 
formed in the flat surfaces of the annular yokes 29. 34, 
and 36 near the teeth 29a, 35a, 36a, then the piercing 
portions 36c and 48 would be positioned on the mag- 
netic circuit going from the annular yokes 29, 34, 36 

35 from the teeth 29a, 35a, 36a. Hence, the magnetic cir- 
cuit would be adversely affected. If the piercing portions 
36c and 48 extending through the yokes are located 
close to the pole teeth 29a, 35a, and 36a, it is difficult to 
effect a machining operation. Accordingly, a third 

40 embodiment of the invention is shown in Fig. 4, where 
the piercing portions extending through the second and 
fourth connection portions 37b, 38b, 46b, and 47b are 
replaced by cutouts 50 which are located between the 
bases of the pole teeth 29a, 35a. 36a and open into the 

45 space 43. In this case, the annular yokes 29, 34, 36 can 
be machined with greater ease than in the above- 
described embodiments where the piercing portions 
36c and 48 extending through the yokes are used. Fur- 
thermore, the adverse effect on the magnetic circuit 

so formed in the annular yokes 29, 34, and 36 including the 
pole teeth 29a, 35a, and, 36a can be reduced. 

[0038] 

55 [Effects of the Invention] 

As described indetail thus far, the present invention 
provides a structure comprising: a first coil block com- 
posed of a first annular bobbin and first annular yokes, 
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said first annular bobbin comprising a first exciting coil 
wound around a cylindrical winding portion, said first 
annular yokes being laminated on opposite sides of said 
first annular bobbin, said first annular yokes acting to 
guide excitation poles of said first exciting coil toward 
inner surface of said winding portion; a second coil 
block composed of a second annular bobbin and sec- 
ond annular yokes, said second annular bobbin com- 
prising a second exciting coil wound around a cylindrical 
winding portion, said second annular yokes being lami- 
nated on opposite sides of said second annular bobbin, 
said second annular yokes acting to guide excitation 
poles of said second exciting coil toward inner surface 
of said winding portion, said second coil block being 
laminated over said first coil bobbin coaxially; a magnet 
rotor having a rotating shaft rotatably held in a space 
formed inside said winding portions by laminating said 
first and second coil blocks, said magnet rotor being 
rotated by the excitation poles of said first and second 
annujar yokes; and connector terminals buried in said 
annular bobbin of one of said coil blocks and having a 
first connection portion and a second connection por- 
tion, said first connection portion protruding in a direc- 
tion substantially perpendicular to axis of said rotating 
shaft, said first connection portion being electrically 
connected with terminal ends of said first and second 
exciting coils, said second connection portion protrud- 
ing from said winding portions in a direction substan- 
tially parallel to the axis of said rotating shaft, said 
second connection portion being electrically connected 
with an external electric apparatus. Since the connector 
terminals are not located on the outer surfaces of the 
windings of the annular bobbins, it is easy to wind the 
windings. Furthermore, increase in size of the motor 
itself can be suppressed. 

[00391 

In one feature of the invention, said second connec- 
tion portion extends toward said external electric appa- 
ratus via a piercing portion formed in said annular yoke 
and said annular bobbin has an extension extending 
along said second connecting portion toward said exter- 
nal electric apparatus. The second connection portions 
are prevented from touching the annular yokes. Thus, 
good insulation can be maintained. 

[0040] 

The present invention also provides a structure 
comprising: a first coil block composed of a first annular 
bobbin and first annular yokes, said first annular bobbin 
comprising a first exciting coil wound around a cylindri- 
cal winding portion, said first annular yokes being lami- 
nated on opposite sides of said first annular bobbin, 
said first annular yokes acting to guide excitation poles 
of said first exciting coil toward inner surface of said 
winding portion; a second coil block composed of a sec- 
ond annular bobbin and second annular yokes, said 



second annular bobbin comprising a second exciting 
coil wound around a cylindrical winding portion, said 
second annular yokes being laminated on annular 
yokes acting to guide excitation poles of said second 

5 exciting coil toward inner surface of said winding por- 
tion, said second coil block being laminated over said 
first coil bobbin coaxially; a magnet rotor having a rotat- 
ing shaft rotatably held in a space formed inside said 
winding portions by laminating said first and second coil 

w blocks, said magnet rotor being rotated by the excitation 
poles of said first and second annular yokes which are 
guided to pole teeth of said first and second annular 
yokes, respectively; first connector terminals buried in 
said annular bobbin of one of said coil blocks and hav- 

15 ing a first connection portion and a second connection 
portion, said first connection portion protruding in a 
direction substantially perpendicular to axis of said 
rotating shaft, said first connection portion being electri- 
cally connected with terminal ends of said first and see- 
so ond exciting coils, said second connection portion 
protruding from said winding portions in a direction sub- 
stantially parallel to the axis of said rotating shaft, said 
second connection portion being electrically connected 
with an external electric apparatus; and second connec- 

25 tor terminals buried in said annular bobbin of the other 
coil block and having a third connection portion and a 
fourth connection portion, said third connection portion 
protruding in a direction substantially perpendicular to 
the axis of said rotating shaft, said third connection por- 

30 tion being electrically connected with terminal ends of 
said exciting coils of the other coil block, said fourth con- 
nection portion protruding from said winding portions in 
a direction substantially parallel to the axis of said rotat- 
ing shaft, said fourth connection portion extending 

35 through said one coil block, said fourth connection por- 
tion being electrically connected with the external elec- 
tric apparatus. Since the connector terminals are not 
located on the outer surfaces of the windings of the 
annular bobbins, it is easy to wind the windings. Fur- 

40 thermore, increase in size of the motor itself can be sup- 
pressed. 

[0041] 

45 In another feature of the invention, said second or 
fourth connection portion projects toward, or passes 
through, said external electric apparatus via a piercing 
portion formed in said annular yoke, and said annular 
bobbin has an extension extending along said second 

so or fourth connection portion toward said external electri- 
cal apparatus. The second or fourth connection portions 
are prevented from touching the annular yokes. Conse- 
quently, good insulation can be maintained. 

55 [0042] 

In a further feature of the invention, said annular 
yokes have a plurality of pole teeth extending Into said 
winding portions, and said second or fourth connection 
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portion extends through said annular yoke without 
touching said pole teeth via a cutout that is formed 
between bases of said pole teeth and opens into said 
space. Therefore, the annular yokes through which the 
second or fourth connection portions extend can be 
machined easily. Furthermore, the adverse effect on the 
magnetic circuit formed in the annular yokes including 
the pole teeth can be alleviated. 

[Brief Description of the Drawings] 

Fig. 1 is an exploded perspective view of a stepper 
motor according to a first embodiment of the 
present invention; 

Fig. 2 is a cross-sectional view showing the state of 
assembly of Fig. 1 together with an external electric 
apparatus; 

Fig. 3 is a cross-sectional view showing a second 
embodiment; 

js- Fig- 4 is a front elevation showing main portions of 
a third embodiment; and 

Fig. 5 is a cross-sectional view showing a conven- 
tional example. 



[Legends]: 
20. 21; 



23, 24. 30,31: 

25. 32: 

26, 33: 

26a. 33a: 

27, 34: 

27a: 
27c: 

28. 29. 35. 36: 
28a. 29a, 35a, 3 

28b, 29b, 35b, 3( 

34a: 

34b. 49: 

36c. 48: 

37. 38: 

37a, 38a, 46a: 

37b, 38b, 46b: 

39, 40: 

41 , 42: 

42a: 



first and second coil blocks, 

respectively; 

magnet rotor; 

flanges; 

winding portions; 

first and second exciting coils, 

respectively; 

terminal ends; 

first and second annular bob- 
bins, respectively; 
coil guide portion; 
guide groove; 

first and second annular yokes; 

pole teeth; 

cutouts; 

protruding portion; 



46: 
47: 

47a, 47b: 



piercing portions; 
connector terminals; 
first connection portions; 
second connection portions; 
bearing portions; 
top and bottom plates, respec- 
tively; 

through-hole; 
gap; 

rotating shaft; 
printed-wiring board; 
first connector terminal; 
second connector terminal; 
third and fourth connection por- 
tions, respectively; 
cutout 



1 . A stepper motor comprising : 

a first coil block composed of a first annular 
bobbin and first annular yokes, said first annu- 
lar bobbin comprising a first exciting coil wound 
around a cylindrical winding portion, said first 
annular yokes being laminated on opposite 
sides of said first annular bobbin, said first 
annular yokes acting to guide excitation poles 
of said first exciting coil toward inner surface of 
said winding portion; 

a second coil block composed of a second 
annular bobbin and second annular yokes, said 
second annular bobbin comprising a second 
exciting coil wound around a cylindrical winding 
portion, said second annular yokes being lami- 
nated on opposite sides of said second annular 
bobbin, said second annular yokes acting to 
guide excitation poles of said second exciting 
coil toward inner surface of said winding por- 
tion, said second coil block being laminated 
over said first coil bobbin coaxially; 
a magnet rotor having a rotating shaft rotatably 
held in a space formed inside said winding por- 
tions by laminating said first and second coil 
blocks, said magnet rotor being rotated by the 
excitation poles of said first and second annu- 
lar yokes; and 

connector terminals buried in said annular bob- 
bin of one of said coil blocks and having a first 
connection portion and a second connection 
portion, said first connection portion protruding 
in a direction substantially perpendicular to 
axis of said rotating shaft, said first connection 
portion being electrically connected with termi- 
nal ends of said first and second exciting coils, 
said second connection portion protruding from 
said winding portions in a direction substan- 
tially parallel to the axis of said rotating shaft, 
said second connection portion being electri- 
cally connected with an external electric appa- 
ratus. 

2. The stepper motor of claim 1 , wherein said second 
connection portion extends toward said external 
electric apparatus via a piercing portion formed in 
said annular yoke and wherein said annular bobbin 
has an extension extending along said second con- 
necting portion toward said external electric appa- 
ratus. 

3. A stepper motor comprising: 

a first coil block composed of a first annular 
bobbin and first annular yokes, said first annu- 
lar bobbin comprising a first exciting coil wound 
around a cylindrical winding portion, said first 
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annular yokes being laminated on opposite 
sides of said first annular bobbin, said first 
annular yokes acting to guide excitation poles 
of said first exciting coil toward inner surface of 
said winding portion; s 
a second coil block composed of a second 
annular bobbin and second annular yokes, said 
second annular bobbin comprising a second 
exciting coil wound around a cylindrical winding 
portion, said second annular yokes being lami- 10 
nated on opposite sides of said second annular 
bobbin, said second annular yokes acting to 
guide excitation poles of said second exciting 
coil toward inner surface of said winding por- 
tion, said second coil block being laminated is 
over said first coil bobbin coaxially; 
a magnet rotor having a rotating shaft rotatably 
held in a space formed inside said winding por- 
tions by laminating said first and second coil 
^' blocks, said magnet rotor being rotated by the so 
excitation poles of said first and second annu- 
lar yokes which are guided to pole teeth of said 
first and second annular yokes, respectively; 
first connector terminals buried in said annular 
bobbin of one of said coil blocks and having a 25 
first connection portion and a second connec- 
tion portion, said first connection portion pro- 
truding in a direction substantially 
perpendicular to axis of said rotating shaft, said 
first connection portion being electrically con- 30 
nected with terminal ends of said first and sec- 
ond exciting coils, said second connection 
portion protruding from said winding portions in 
a direction substantially parallel to the axis of 
said rotating shaft, said second connection por- 3s 
tion being electrically connected with an exter- 
nal electric apparatus; and 
second connector terminals buried in said 
annular bobbin of the other coil block and hav- 
ing a third connection portion and a fourth con- 40 
nection portion, said third connection portion 
protruding in a direction substantially perpen- 
dicular to the axis of said rotating shaft, said 
third connection portion being electrically con- 
nected with terminal ends of said exciting coils 45 
of the other coil block, said fourth connection 
portion protruding from said winding portions in 
a direction substantially parallel to the axis of 
said rotating shaft, said fourth connection por- 
tion extending through said one coil block, said so 
fourth connection portion being electrically 
connected with the external electric apparatus. 

The stepper motor of claim 3, wherein said second 
or fourth connection portion projects toward, or ss 
passes through, said external electric apparatus via 
a piercing portion formed in said annular yoke, and 
wherein said annular bobbin has an extension 
extending along said second or fourth connection 



portion toward said external electrical apparatus. 

5. The stepper motor of any one of claims 1-4, 
wherein said annular yokes have a plurality of pole 
teeth extending into said winding portions, and 
wherein said second or fourth connection portion 
extends through said annular yokes without touch- 
ing said pole teeth via a cutout that is formed 
between bases of said pole teeth and opens into 
said space. 
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